In [13] G. J. Janusz gave an action of the automorphism group of a field K on its Brauer group B{K). For number fields he characterized this action in terms of Hasse invariants and applied his results to the problem of the existence of an outer automorphism of the rational group algebra of a finite group.
Here we give an action of the automorphism group of a commutative ring R on its Brauer group B(R) and describe the action cohomologically. Let A be an Azumaya i?-algebra and let σ be an automorphism of R. Define a new i?-algebra σ A by letting A = σ A as rings and with 22-module action given by r*a = σ~\τ)a for r eR, xeA where multiplication on the right is in A. Proposition 2 is the assertion that the correspondence A -> σ A induces an action of the group Aut (R) of automorphisms of R on B(R).
Let L be a finite Galois field extension of K with finite Galois group G and let Aut (K: L) be the group of automorphisms of K which can be extended to L. In [11] S. Eilenberg and S. MacLane gave an action of Aut (K: L) on H n (G, L*) for n ^> 0. This action corresponds under the natural identification between B{LjK) and H 2 
(G, L*) with Janusz's action on B(L/K). For a commutative ring R, B(R) is given as the torsion subgroup of Hf t (R, U) [12] and
Hf t (R, U) is a limit of Amitsur cohomology groups [17] . For a faithfully flat commutative extension S of R we give an action of Aut (JB: S) on H n (S/R, U) (Amitsur cohomology) and show this action commutes with the natural homomorphism given, for example, in [17] 
from B(R) into Hf t (R, U).
We study the problem of extending an automorphism from R to an iZ-algebra A and its relation to normal algebras and the Teichmuller cocycle map. We show that if K is a field of characteristic = 0 then Aut (K) must always leave the Schur subgroup of B(K) invariant, and we calculate some examples. Throughout all unexplained terminology and notation will be as in [14] . I would like to thank G. J. Janusz, D. Saltman, and D. Zelinsky for helpful remarks.
an iϋ-module. Form the new ϋί-module σ M which is equal to M as an abelian group and with iϋ-action given by r*m = σ"\r)m for all r eR, meM where multiplication on the right-hand side is in M. This action is well known, see for example [9] . If A is an iϋ-algebra then σ A is the iϋ-algebra equal to A as a ring and σ A as an Rmodule. Proof. The isomorphisms in (a) and (b) are the identity map, (c) is well known (p. 115 of [9] ).
For (d) the separability of A over R is equivalent to the existence of an idempotent ee A® A, e = Σ?=i
as rings it follows from (a) that φ is a ring isomorphism. For any xe σ A we have
This proves (d).
For (e) assume A = σ A and let /: σ A -» A be the given 22-algebra isomorphism. Define r by τ(α) = /(α) for all a e A(A = σ A as rings). Then τ 6 Aut (A) and for any reR, r(r l) =/(r l) =/(σ(r)*l) = σ(r) /(l) = σ(rl). Conversely, assume there is an element re Aut (A) extending σ. Define /: σ A -> A by /(α) = τ(α) for all αeA For any reR and αe σ A we have f(r*a) = /(σ~1(r) α) = τ(σ"" 1 (r) α) = Γσ^ίr lJ τCα) = r r(α) -r f(a). It follows that / is an iϋ-isomorphism.
We have let Aut (R: A) be the group of all automorphisms of R which can be extended to A, it follows from (e) that Aut (R: A) = {σ 6 Aut (R) IA ^ a A as 22-algebras}. If A is a faithful ϋJ-algebra and *& is the group of all automorphisms of A sending R into itself it also follows from (e) that Aut Λ (A) is a normal subgroup of & with factor group Aut (R:A).
If A is an Azumaya (=central separable) J?-algebra let |IA| denote the class of A in B(R). Let S, T be commutative, faithfully flat J?-algebras, let σe Aut (R) and let /: Sf -> T be an extension of σ. We show / induces an isomorphism from H n (S/R, F) to H n (T/R, F) (Amitsur cohomology) when F is the units functor denoted U or the functor Pic which associates to a commutative ring its group of isomorphism classes of invertible protective modules. Then we show that if g is another extension of σ from S to T then g induces the same isomorphism on cohomology groups / does. Notation is as on pg. 119 of [14] . Let /*:
is a well-defined ring isomorphism which extends σ. The restriction of f n to i7(S") is a group isomorphism from U(S n ) to U(T n ) which we also denote /\ Let u e U(S n ) and write u = ΣΓ=i s iΛ (8) Θ s i,n with a 4i e S. Then^. Proof. First, following [17] pg. 153, we describe λ. Let A be an Azumaya i?-algebra, and let S be an etale j?-algebra such that IAI e B(S/R). Then A ® S = Horn* (P, P) for some S-progenerator P. Define φ: Hom 5(g)^ (S® P) -> Hom^^P (g) S) by the commutative diagram
where τ is the given isomorphism from A ® S to Hom^ (P, P) and 7 is the switch map. From the Morita theorem (Proposition 3.3, pg. 19 of [9] ) φ is induced by an S ® ^-isomorphism S ® P -> (P®S)® 5^I where |I| ePic(S® S). By Proposition 13.13 of [15] we can, by extending S, assume I = S® S so φ is induced by an isomorphism /O:S®P->P®JS. The isomorphism ^ induces three
S ® S ® S-isomorphisms: ^r S ® S ® P -> S ® P ® S, p 2 : S ® S(g)P -> P®S®S, and p 3 :S(g)P(g)S->P(g)S(g)S
where p 2 = pφ^ Thus /0 2 /<V>i is multiplication by a unit u(τ, /t >) in S ® S ® S. The correspondence A -> w(r, ^) induces the monomorphism λ from 5(22) 
into Het(R f U). Given S as above and σeAut(R)
we have an action of σ from H\S/R 9 U) to H 2 ( 0 S/R, U) and it suffices to compare the image of \ σ A\ in H 2 ( σ S/R, U) with f (u(τ, p) ). Now β A® α Ss σ (A ® S) = σlϊom^ (P, P) = Hom σ/S ( σ P, σ P) and the composition of these isomorphisms is τ. The diagram corresponding to (4) for σ A is (5) r®i| One can check that the S®S isomorphism p: S® P -> P0 S which gave rise to ^ in (4) also is an σ S ® σ S isomorphism from σ S ® σ P to σ P® σ S which gives rise to φ in (5) (same φ\). Therefore, p^pφi is multiplication by the unit f z (u(τ, p) ) , p) )-x. Therefore, σ A corresponds to f* (u(τ, p) ) in σ S® σ S(g) σ< S which proves the theorem.
Let S be a commutative finitely generated projective i2-algebra. There is an exact sequence of Amitsur cohomology due to Chase and Rosenberg [2] which is
The maps in this sequence have been explicitly given in [16] . To prove the theorem it is sufficient that this diagram commutes. The method of proof is to write down each of the maps explicitly following [16] and to check the commutativity of the diagram on the cocycle level. This is a routine calculation. We carry out here only the proof of B(σ)y = τ/J. This will show the natural homomorphism 
7-H 2 (S/R, U) -> B(S/R) commutes with the action of Aut (22: S).

Let u e U(S(x) S) be a 1-cocycle and let E = {x eS\ 1 (x) x = x (g> 1-u). Then E represents an element in
induces an isomorphism from ΈLom s(S)S S0P) to Hom ΓSΓ (Γ(g)Q, Γ®Q) by ρ-^fp(f)~ι
for all Hom sg)5 (£(x) P, S(x)P), and / 2 induces an isomorphism α/r from Hom s (P, P) -> Hom r (Q, Q) by ψ(w) = fw(f)~1 for all w 6 Hom^ (P, P). 
We show f is a ring isomorphism from A(u) to A(/ 3 (u)). Let we A(u). We need to check that f(w) e A(f(u)). But
Φ(Γ(u)Mψ(w)) = Φi
. If S is a commutative finitely generated protective R-algebra and Pic (S) -Pic (S® S) = 0 ίfrew Ύ is a natural Aut (22: S) isomorphism from H\S/R, U) to B(S/R).
COROLLARY 10. Le£ S be a Galois extension of R, and assume S has no idempotents other than 0 and 1. Let G be the Galois group of S over R. Then the homomorphisms in the seven-term sequence of Galois eohomology
1 > H\G 9 U(S)) > Pic (22) > Pic (Sf > H\G,
U(S)) > B(S/R) > H\G, Pic (S)) > H\G, U{S)) commute with the action of Aut (22: S). In particular, if Pic (S) = 0 then H 2 (G, U(S)) is isomorphic to B(S/R) by an isomorphism which commutes with the action of Aut (22: S).
Proof. If S is a Galois extension of 22 with group G and S has no idempotents other than 0 and 1 then Aut^ (S) = G. By a tedious calculation with cocycles one can check that if σ e G then / and σf represent the same class in H n (G, M) . It follows that Aut (22: S) acts on H n (G, U(S) ) and H n (G, Pic (S)) for all n^O. This action is given in [11] (G, S) given by Φn(s (x) (x) sj(r fc , ..., τ Λ ) = s&Mτ&M -zv τ ft (s ft+1 ) for s, e S and τ t e G induce a homomorphism Ffe): 2^(S* +1 ) -*F{K\G, S)) = K*(G, F(S)) which induces a morphism of complexes for any additive functor F. This morphism of complexes induces homomorphisms <ψ n \ H n (S/R,
Thus if ί 7 is the units functor U then the induced homomorphism
is an Aut (Λ: S) homomorphism. In a similar way the induced homomorphism ψv.
can be checked to be Aut (22: S) homomorphisms since Pic (φ n ):
) is an Aut (22: S) isomorphism. Now the result is a consequence of Theorem 7 and Corollary 5.5 of [1] which connects the exact sequence of Amitsur cohomology with the exact sequence of Galois cohomology.
We saw before that Aut (22) acts on H e n t (R, U). We now expose the corresponding result in Galois cohomology. Let R be a commutative ring with no idempotents other than 0 and 1 and let Ω be the separable closure of R (see p. 99 of [9] ). For any σeAut (22) it is easy to check that β is another separable closure of R. By uniqueness of the separable closure we know Ω ~ σ Ω as 22-algebras. By Lemma le, it follows that Aut (R) -Aut (22: Ω). Let S be a Galois extension of 22 in Ω, then σ S is a Galois extension of 22 in Ω and if G is the Galois group of S then G is also the Galois group of O S. Let / be an extension of σ from S to a S and let g be an w-cocycle in Z n (G, U(S) ). There is a corresponding w-cocycle h in Z«{G, U{β)) by h{τ u , r.) = fW'^f, , f-'τj)).
As with Amitsur cohomology σ induces an isomorphism from H n (G f U(S)) to H n (G, U(β) ). This action is compatible with the maps in the direct limit system lim H n (G, U(S) ) where the limit is taken over all Galois extensions S of R in Ω. Thus Aut (22) (1) The sequence (11) splits over H. (2) There is an Azumaya K-algebra B such that A = R ® x B as R-algebras.
( [3] .
3) A is a normal algebra and the class of A in B(R) is in the kernel of the Teichmuller cocycle map
Proof. If A = R ®# B then each element σ e H induces the 2£-automorphism σ (x) 1 of A and the splitting map is s(σ) = σ ® 1 so 2 -> 1. Next assume the existence of a splitting map s. Then there is a group of automorphisms H r of A whose restriction to R is H. In this case all the hypotheses of Lemma 2 of [6] are satisfied. Let B = {αeA\σ(a) -a for all σeH'}.
In the proof of Lemma 2 of [6] it is shown that B is an Azumaya 2£-algebra and R ® x B~ A by r (x) b -> rb for all r e 22, 6 6 B so 1 -> 2. An Azumaya 22-algebra A is called normal if H is a subgroup of Aut (2? But σ M ~ R 0 J and J(g) M ~ R φ /J 2 , soM^σJlί if and only if there is a fractional jβ-ideal J so that σ J = U 2 . Now A is always equivalent to σ A in 2?(JB) and so to give a counter example to the conclusion of Proposition 13 if J? is a Dedekind domain it suffices to give a Dedekind domain R such that Pic (R) is the group of order 4 and exponent 2 and so that AutϋJ acts nontrivially on Pic(iϋ). Such an example is easy to construct using results of L. Claborn [5] . It follows that under the action of Aut (R) on B(R) we have B(R) G is guaranteed to consist of those classes in B{R) represented by normal algebras only when the hypotheses of Proposition 13 are satisfied. PROPOSITION 
Let K be a field of characteristic -0. Then the Schur subgroup is an Aut (K) invariant subgroup of B{K).
Proof. Let if be a field of characteristic = 0. A cyclotomic algebra is a crossed product over K of the form Δ(K Λ/Ύ, G, /) where / is a 2-cocycle on G with its values in the cyclic group generated by Λ/Ύ. The Schur subgroup of B(K) consists of those classes in B{K) represented by a cyclotomic algebra [19] . If σe Aut(JBΓ) then σ e Aut (K: K VT) and ΛK^T 9 G, f) = A{K^/T 9 G, σ f). 
